Purpose Percutaneous interspinous stand-alone spacers offer a simple and effective technique to treat lumbar spinal stenosis with neurogenic claudication. Nonetheless, open decompressive surgery remains the standard of care. This study compares the effectiveness of both techniques and the validity of percutaneous interspinous spacer use. Methods Forty-five patients were included in this open prospective non-randomized study, and treated either with percutaneous interspinous stand-alone spacers (Aperius Ò   ) or bilateral open microsurgical decompression at L3/4 or L4/5. Patient data, operative data, COMI, SF-36, PCS and MCS, ODI, and walking distance were collected 6 weeks, 3, 6, 9, 12, and 24 months post-surgery. Results Group 1 (n = 12) underwent spacer implantation, group 2 (n = 33) open decompression. Five patients from group 1 required implant removal and open decompression during follow-up (FU); one patient was lost to FU. From group 2, seven patients were lost to FU. Remaining patients were assessed as above. After 2 years, back pain, leg pain, ODI, and quality of life improved significantly for group 2. Remaining group 1 patients (n = 6) reported worse results. Walking distance improved for both groups. Conclusion Decompression proved superior to percutaneous stand-alone spacer implantation in our two observational cohorts. Therapeutic failure was too high for interspinous spacers.
Introduction
Increasing life expectancy and the related demand for quality of life among the elderly has contributed to neurogenic claudication becoming one of the most common diagnoses of all degenerative spine diseases [1, 2] . Back and leg pain along with decreasing walking tolerance limit quality of life and can result in social isolation [3, 4] . Nonoperative treatment is well recognized for the treatment of early stage disease and mild symptoms, generally yielding satisfactory results within the first 3 months. In cases of severe complaints or a failure of conservative management, surgical treatment is usually offered to the patient [5] .
Forward bending tends to relieve patients' symptoms of neurogenic claudication. Interspinous spacers capitalize on this effect by inducing segmental kyphosis and limiting spine extension. Use of these devices significantly increases canal area and foraminal width radiographically [6, 7] . Implantation of an interspinous spacer is a rapid and uncomplicated procedure. Several studies have reported good short to mid-term results after spacer implantation, with less pain, claudication symptoms, and disability [8] [9] [10] [11] . The main indication for interspinous spacer implantation is the presence of discoligamentous lumbar spinal stenosis that results in tightening of the posterior longitudinal ligament and the ligamentum flavum. In cases of bony stenosis or reduced segmental flexibility, expansion of the spinal canal with the placement of an interspinous spacer is unlikely, and thus, this treatment should not be selected. Evidence for the treatment of discogenic back pain with interspinous spacers is minimal [12] .
Zucherman and Anderson conducted randomized controlled trials of the X-STOP interspinous spacer device for lumbar spinal stenosis in 2005 and 2006. Both trials assessed outcomes using the Zurich Claudication Questionnaire and provided 2 years of follow-up. In these studies, superior clinical and quality of life outcomes were obtained using interspinous spacers versus conservative management [13, 14] . Zucherman [15] also previously published his 1-year results, with encouraging outcomes for interspinous spacer implantation. However, a systematic review and meta-analysis of eleven RCTs, reviews, and prospective observational studies of spacer implantation found poor quality of evidence, and the cost-effectiveness of this treatment was questioned [16] .
Microsurgical open decompression remains the accepted gold standard of treatment. Through a posterior approach, laminotomy as well as partial or total laminectomy is performed. Mid-to long-term results are available and symptom improvement has been confirmed [17, 18] . Superiority to conservative management has already been demonstrated [5, 17, 18] . Thus, new surgical interventions should be compared to open decompression.
Comparative studies of discrete surgical interventions are rare. Postacchini published 2-year results of a comparative study of two cohorts treated with either interspinous spacer or open decompression. Outcome measurement was performed using the Oswestry Disability Index and Zurich Claudication Questionnaire. The authors concluded that indications for spacer use are limited, but did identify patient benefits [19] . In 2010, the study protocol for the Felix trial was published. It offers a randomized controlled trial comparing the Coflex TM interspinous decompression device implanted over a median approach to open decompression. Closing is planned for April 2015 [20] .
The current study reports the 2-year follow-up results of clinical outcomes and quality of life after percutaneous stand-alone interspinous spacer implantation versus open decompression in two observational cohorts. The 1-year results from our workgroup were published in 2010 [21] .
Methods
Forty-five patients with neurogenic intermittent claudication due to lumbar spinal stenosis were included in this prospective, non-randomized, observational study between February 2007 and March 2010. Inclusion criteria were symptomatic lumbar stenosis between L3 and L5. In addition, all included patients reported relief of symptoms with forward bending. Patients who had undergone previous surgery at the investigated level were excluded from the study.
Patients were divided into two groups. In group 1 (n = 12), stand-alone interspinous spacers (Aperius Ò , Medtronic, Switzerland) were implanted. Patients in group 2 (n = 33) underwent bilateral microsurgical decompression.
All patients in group 1 received the same implant type. The Aperius Ò interspinous spacer is made of pure titanium (Ti-6Al-4 V). For implantation, a posterolateral 1.5-cm incision is required. Distraction trocars are used for successive preparation of the interspinous space. Initially, an 8-mm trocar is applied, and preparation continues with trocars of increasing diameters in 2-mm increments up to 14 mm. An interspinous spacer of the corresponding size can then be inserted through the same working channel. Intraoperative fluoroscopy is used to determine the spacer's final position prior to unfolding of the fins.
For microsurgical decompression in group 2, a midline approach was used. After the skin incision, the paraspinal musculature was dissected and the interlaminar window exposed. Stable bony bilateral decompression was carried out under microscopic visualization.
All data were collected using the international ''Spine Tango'' register [22] . Patients were asked to complete the core outcome measures index (COMI), the short-form 36 (SF-36) with physical and mental component summaries (PCS and MCS), and the Oswestry disability index (ODI). The operative report form was filled out by the treating physician. It contains disease and surgery-related information as well as peri and postoperative general and surgical complications. Data were collected preoperatively and at 3, 6, 9, 12, and 24 months follow-up. Investigations using patient data from ''Spine Tango'' received a positive vote from the institutional review board.
Using a treadmill (Proform 615, ICON Health & Fitness Inc., Logan, Utah, USA), walking tolerance was measured in minutes at an individually adjusted velocity. This velocity was maintained during all follow-up tests. Patients were advised to walk until neurogenic claudication forced them to stop. The walking test was completed at 30 min.
Values were all analyzed exploratively. Explorative comparisons between the groups were assessed with corresponding parametric and non-parametric statistical tests. Quantitative variables like age were specified as average, median, standard deviation (SD), minimum (min), and maximum (max). Qualitative variables like gender were given as numbers and percent. Differences were assessed with a Mann-Whitney U Test and considered significant with a probability of 95 % (p \ 0.05). Statistical evaluation was carried out using IBM Ò SPSS Ò Statistics 20 (SPSS Inc., IBM Company Headquarters, Chicago, IL, USA).
Results
For patient characteristics, see Table 1 . From group 1, five of twelve patients required implant removal and underwent open microsurgical decompression during follow-up. All five patients complained of declining effectiveness of therapy. Implant displacement was not observed. Average time between spacer implantation and reoperation was 13.0 months (range: 4.1-20.0 months). One patient from group 1 and seven patients from group 2 were lost to follow-up (lost to FU = 17.8 %). None of the remaining patients in group 2 required reoperation during the course of follow-up. Patient assessed data (COMI, SF-36, ODI and walking tolerance) of these 13 patients (reoperation ? lost to FU) were excluded from data analysis.
L4/5 was treated in 73.3 % and L3/4 in 26.7 % of all cases. In group 1, two patients received a stand-alone spacer at L3/4, and ten patients at L4/5. Decompression was performed at L3/4 in ten cases, at L4/5 in twenty-three cases. Information regarding intraoperative blood loss was available for six patients in group 1 and 19 patients from group 2. On the Spine Tango Operative Report, categorical values are chosen. In group 1, all six patients had blood loss below 500 ml. For 16 patients in group 2, blood loss was between 500 and 1,000 ml. Walking tolerance on a treadmill was recorded at an average speed of 1.5 km/h (SD ± 0.6 km/h). Results over the 2 years of follow-up are shown in Fig. 1 .
The only significant differences noted on comparison of the two groups were the preoperative leg pain scores, as well as the measured change in leg pain scores at 24 months versus preoperatively. No other measurements for leg pain, back pain, ODI, MCS, and PCS differed significantly between the groups.
The patients remaining (n = 6) in group 1 showed no significant decrease of back or leg pain. There were also no significant improvements in ODI and SF-36 during all follow-ups. These patients in group 1 reported an average decrease of 0.8 points in back pain and a slight increase of 0.6 points in leg pain on the COMI after 24 months. ODI improvement at 12 months was 17.0 points, but later decreased to 0.6 points (SD ± 28.4). Quality of life assessment yielded an average decrease of 5.2 ± 20.6 points in MCS at 12 months. At 24 months, MCS improved by 10.1 points (SD ± 17.0) compared to the preoperative assessment. Physical health summary showed an average increase of 14.5 points and 10.7 points at 12 and 24 months, respectively. In group 2 (n = 26), there were significant decreases in back and leg pain both at 12 and 24 months. Preoperatively, leg pain was greater than back pain with an average of 7.9 versus 5.9 points. At 24 months post-decompression, back pain decreased to 3.8 (±2.6) and leg pain to 3.0 points (±2.8). Compared to values measured preoperatively, those measured at 24 months were statistically significant. ODI and SF-36 scores, including both subscales, improved significantly in all follow-ups as well. Regarding the entire collective, all assessed parameters improved significantly at 12 and 24 months compared to preoperative values. A detailed overview of all parameters and follow-up scores is given in Table 2 . Back and leg pain levels according to a visual analog scale are shown in Figs. 1 and 2 .
Walking tolerance, as described above, improved in both groups. Group 1 tolerated 7.2 min preoperatively (SD ± 11.3) and 20.2 min at 12 and 24 months (SD ± 13.4 and ±12.0, respectively). Corresponding values for group 2 were 5.6 ± 6.6 min, 20.6 ± 12.3 min and 22.4 ± 10.8 min. Improvements at 12 and 24 months were statistically significant compared to preoperative measurements. Results from walking assessments are presented in Fig. 3 .
Discussion
Over the past few years, interspinous decompression devices or spacers have become widely accepted as a minimally invasive spine surgery. Richter reported 14,000 implantations of the Coflex TM device worldwide prior to 2009 [23] . Insertion is quick and easy to perform, patients require a short hospitalization, and use of local anesthesia is possible [9] . However, because open decompression remains the standard of care, scientific evaluation of Ò device versus conservative treatment in a randomized controlled trial. Both symptom severity and physical function scores on the Zurich Claudication Questionnaire (ZCQ) improved significantly in the X-STOP Ò group. Of 91 patients treated non-operatively, 32 received single epidural injections, 22 received two injections, and 21 three injections. There was no significant improvement of symptoms in conservatively treated patients [13, 15] . Anderson conducted a similar trial published in 2006. Patients with degenerative lumbar spinal stenosis with or without additional spondylolisthesis of 5-25 % on lateral radiographs were assessed with the SF-36 and radiologically for a 2-year period. In this study, the authors' overall success criteria were fulfilled in 63.4 % of all patients undergoing X-STOP Ò implantation. Control group patients received one epidural steroid injection, and additional injections were administered at the discretion of the investigator [14] . Both above-mentioned trials demonstrated superior outcomes after X-STOP Ò implantation. However, conservative management was inconsistent and mostly brief. Thus, its effectiveness remains questionable after 2 years of follow-up.
Observational studies focused on safety and efficacy are available for various interspinous devices. In 2006, Kondrashov published a series of eighteen patients after X-STOP Ò implantation. At an average 51-month followup, successful results according to the Oswestry Disability Index were reported for 14 of 18 patients. A 15 point improvement for the ODI was considered as a successful outcome [11] . In a retrospective study of the percutaneous Aperius Ò device used in 152 patients, treatment success was reported using VAS and ZCQ. Follow-up data were provided for a mean of 9 months [9] . Without a control group, however, and with short follow-up, Nardi's results are not sufficient to compare the Aperius Ò device to other treatments. Van Meirhaeghe published his results regarding safety and effectiveness of the Aperius Ò device in 2012. In 128 patients with a complete 12 months of follow-up, symptom severity according to ZCQ decreased by 26.7 ± 25.8 %, and physical function by 25.3 ± 27.7 %. 58 serious adverse events and twelve serious adverse device-related effects were reported [24] . However, statistical weaknesses of the study as well as conflict of interest should be considered when evaluating his positive conclusion.
In a systematic review and meta-analysis on the effectiveness of interspinous spacers published in 2011, Moojen included three randomized controlled trials and eight prospective cohorts using various interspinous spacers. The Aperius Ò device was not used in any of these trials. Methodological weakness and selection bias were the primary obstacles to evaluate the outcomes of interspinous spacer use. Thus, there was a slight advantage for interspinous spacers, but the overall level of evidence was poor [16] .
Comparative studies for discrete surgical treatments remain rare. In 2011, Postacchini published an observational comparison of two cohorts. As in the current study, patients underwent either open decompression or percutaneous Aperius Ò implantation. Outcome assessment was carried out using ZCQ and ODI with 2 years of follow-up. After spacer implantation, 60 % of patients with moderate [19] .
In our observational cohort study, randomization was also not performed. The small sample size was another important shortcoming. The selective inclusion criteria for our study yielded rather small groups. Dropouts and patients lost to follow-up decreased group sizes even more. On the other hand, strict inclusion criteria for subjects reduce selection bias even without randomization. In addition, use of the Aperius Ò device as a percutaneous stand-alone spacer is relatively new. Large sample sizes are thus not available. In our opinion, however, beneficial effects of a new device should be established prior to broad clinical application. Taking these restrictions into account, then, a number of conclusions can still be drawn. Group 2 reported significantly better results for all investigated parameters over the entire follow-up. At 2 years, 19 of 26 patients improved by 15 points or greater on the ODI score (73 %). Most remarkable was that almost 50 % of all patients initially included in group 1 required revision surgery with implant removal and open decompression. Revision was performed at an average of 13.0 months (range: 4.1-20.0 months) post-spacer implantation. Thus, only six patients remained for the entire 2-year follow-up. Statistical analysis cannot provide significant results for such a small sample size. This also applies to the subgroup comparison. However, clearly the observed treatment failure within the first 2 years is far too much.
Postacchini concluded that spacers appear to be adequate for patients with moderate stenosis, while decompressive surgery is more appropriate for patients with severe stenosis [19] . Our study did not include MRI measurements; thus, correlations between degree of stenosis and outcome parameters cannot be provided. In any case, diagnostic criteria for imaging and measurement of the lumbar spine in spinal stenosis are inconsistent. Consensus is lacking not only to improve treatment but also to define cut-off values for clinical trials [25] . In addition, MRI measurements, electromyography, and clinical symptoms do not necessarily correlate among each other [26, 27] .
The indications for the use of interspinous spacers have yet to be completely defined. ''Stand alone'' type spacers (e. g. Aperius Ò ) are recommended for cases of discoligamentous lumbar spinal stenosis [12] . However, variations in spacer design, trial methodology, and additional procedures must be considered. Even after thorough review of the pertinent literature, results are difficult to compare and are not always presented objectively.
Conclusions
Randomized controlled trials comparing two discrete surgical options are challenging. In our workgroup, such trials yield low recruitment. Observational cohort studies may not provide a high level of scientific evidence, but they do share a substantial amount of experience. Even considering the methodological weaknesses of our own and other studies, percutaneous interspinous spacers offer a rapid and simple treatment that relieves symptoms of neurogenic claudication. In our experience, thorough medical history and clinical assessment are essential prior to implantation. Nevertheless, treatment will be successful only for a limited number of patients, and most probably for a limited period of time. The results of the current study for the Aperius Ò device as a percutaneous stand-alone interspinous spacer were disappointing. Failure rate was far too high, and pain levels returned to preoperative values 24 months after spacer implantation. In contrast, patients in the decompression group reported better results and maintained improvements at 2 years. Thus, until better data is forthcoming, we recommend interspinous spacer implantation only within randomized controlled trials for the collection of reliable data and conclusions for the spine surgeon.
